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• Why search for the Higgs?
• Apparatus: The LHC and ATLAS
• Standard Model (SM) Higgs searches
– H → γγ
– H → ZZ* → 4l
– VBF, H → ττ
– H → WW(*) → 2l2ν
– Associated production (ttH and WH)
• Statistical combination for SM Higgs
• Minimally Supersymmetric SM (MSSM) Higgs searches
• Conclusion
Sections
Results presented here can be found in "Expected Performance of the ATLAS Experiment: 
Detector,Trigger and Physics, arXiv:0901.0512, CERN-OPEN-2008-20" and refer to LHC 
running at 14 TeV
Won't talk about Higgs properties, see accompanying talk by Jonas Strandberg: "Determination 
of the spin and CP properties of a Higgs-like particle with the ATLAS detector "
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• Introduce a complex isodoublet scalar field, which acquires a 
non-vanishing vacuum expectation value by self-interactions
• Masses of the gauge bosons and fermions are generated by 
their interactions with the background field
• One scalar field component is not absorbed in this process, 
manifesting itself as the physical Higgs particle H.
• Long-standing goal in HEP is to identify 
the mechanism by which fundamental 
particles acquire mass
• Can be explained in terms of electroweak 
symmetry breaking in the Standard 
Model by the Higgs mechanism
Why search for the Higgs?
Concepts of Electroweak Symmetry Breaking and Higgs Physics, M. 
Gomez-Bock, M. Mondragn, M. Mhlleitner, M. Spira, P.M. Zerwas, arXiv: 
0712.2419v1 [hep-ph].
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• CoM energy 14 TeV
• Luminosity
– Low: 2 × 1033 (cm−2s−1) 
– High: 1034
• Bunch crossing 24.95 ns
• Particles/bunch 1.15 × 1011
• Beam radius 16.7 µm
• Overlaid events 23 @ 1034 cm−2s−1
• Dipole field 8.33 Tesla
• Stored energy 360 MJ/beam
• All physics results in this talk refer 
to low-luminosity running with these 
parameters
Likely running parameters for the LHC 
during 2009 / 2010
• CoM energy: 8 to 10 TeV
• Luminosity: from 5×1031 cm-2s-1 to 
few×1032 cm-2s-1
• Bunch crossing starting with 450 ns 
and reducing to 75 ns or 50 ns
• Integrated luminosity: about 200 pb-1
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SM Higgs Production and Decay
Gluon fusionVector Boson Fusion
ttH WH
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• Low branching ratio: ~0.002
• Valid for mH < 140 GeV
• Decays via W and top loops, 
W dominant
• Clean 2 photon signature
• σ = 0.08 pb
Main backgrounds
• pp->γγ + X
– irreducible
– σ(γγ) = 29 pb
• pp->γj,jj + X
– reducible
– σ(γj) = 1.8 × 105 pb
– σ(jj) = 4.8 × 108 pb
• Comparison of cross-sections 
shows a need for good 
rejection of jets
• Backgrounds have high 
theoretical uncertainties
– Will not affect discovery as 
this is a sideband analysis
H → γγ
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• To get a narrow peak on a 
smooth background, need 
very good mass 
reconstruction
– Two-body decay to photons: 
mgg=√2P1P2(1-cos θ)
– Will need good energy and 
position measurement
• Photon conversions 
troublesome
– Affects photon ID and 
energy resolution
– ~60% of photons in H→γγ
convert in the material in 
front of the calorimeter
– Very important to 




Electroweak Symmetry Breaking and the Search for the Higgs Boson with ATLAS 9
Simon Dean Spin-Praha-2009
• Single photon efficiency of 
calorimeter cuts in H→γγ
– Calorimeter shower variables 
tested
– Plateaus at ~90% at high ET
• Inner Detector (ID) isolation 
boosts efficiency to better than 
98%
• With calorimeter and ID 
isolation, overall fake photon 
rejection for all jets expected 
to be around 8000
– Quark-initiated jets: ~3000
– Gluon-initiated jets: ~28000
H → γγ
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• Inclusive analysis selection
• Trigger: at least 2 photons 
with pT > 17 GeV
• Fiducial cut: 0<|η|< 1.37 & 
1.52< |η|< 2.37
– Miss out calorimeter crack 
region
• Isolation cut: pT< 4 GeV, 
considering all tracks with 
pT>1GeV in a R=0.3 cone 
around the electromagnetic 
cluster.
• Momentum cut: pTγ1 > 40 
GeV, pTγ2 > 25 GeV
H → γγ
• Inclusive analysis selection 
efficiencies evaluated with 
and without pileup; the 
additional effect of multiple 
interactions per bunch 
crossing
– 36 % (without pileup)
– 32 % (with pileup)
29/07/2009
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• The "gold-plated" channel
• Important for the region mH > 130 GeV
• Four leptons in the final state, so lepton trigger and 
reconstruction efficiencies are of vital importance 
here
– εH ~ εl4
• Energy resolution also necessary for good Higgs 
reconstruction
H → ZZ* → 4l
29/07/2009




– Low fraction ET(hadronic) / 
ET(EM)
– EM shower shape measured in 
the 2nd LAr compartment
• “Medium”
– In addition to the loose cuts:
– EM shower shape measured in 
the 1st LAr compartment
– Loose associated track quality
• “Tight”
– In addition to the medium cuts:
– Isolated (high ET fraction within 
cone 0.2) 
– Tight associated track quality, 
tight cluster-track position, 
ratio E/p;
• Efficiencies from H(130GeV) -> 4e events
• High values expected, must be realised
• Differential inclusive jet cross-section 
after different electron ID cut types
H → ZZ* → 4l
29/07/2009
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• Muon reconstruction efficiencies 
very high
• With/without pileup
– 99.6% / 95.1% standalone muons 
– 99.5% / 99.6% inner detector muons
– 94.1% / 94.3% "combined", i.e. 
reconstructed in both ID and MS
• Tag-and-probe studies to 
measure efficiencies in data 
show promise
– select well-reconstructed 
"tag" muon
– combine with track if 
invariant mass falls within Z 
peak region
– measure efficiency to 
reconstruct muon
– selects relatively clean 
sample of genuine muons to 
test in data
H → ZZ* → 4l
29/07/2009
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• Misalignment studies with 
muons
• Muons with pT = 50 GeV
• Detector components in muon 
spectrometer (MS) misaligned 
by
– random shift from nominal 
position, Gaussian with width 
1mm
– random rotation, Gaussian with 
width 1mrad
– Values chosen here are 
overestimates, alignment 
accuracy in MS expected to be 
better than 100 µm in early 
data
• Efficiency quite robust against 
misalignment, but resolution 
degrades substantially 
H → ZZ* → 4l
29/07/2009
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Analysis cuts
• Two same flavor opposite charge leptons 
with pT > 20 GeV,
• Other two same flavor opposite charge 
leptons pT > 7 GeV; all in |η|<2.5;
• Electrons must be 
– “medium” quality for mH < 200 GeV
– "loose" quality for mH > 200 GeV; low 
reducible background expected at high mH
• Muons must be combined
• Reconstruction of (at least) a Z
• Mass window around the Higgs peak
• Main backgrounds are diboson 
production, ttbar and Zbb
– Z + jets could contribute if jet 
rejections are not managed well in lepton 
ID
• Extra cuts are needed to reduce 
backgrounds further
– lepton isolation in Inner Detector and 
calorimeter
– d0 significance can be used to suppress 
backgrounds with long-lived decays 
(distribution shown for muons)
H → ZZ* → 4l
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• 4l invariant mass for a 150 
GeV Higgs, normalised to 
30 fb-1
• Significances for 30 fb-1
obtained with
– profile likelihood ratio
– Poisson probability, 
systematic errors on signal 
not included
• Consistently high across wide 
mass range
H → ZZ* → 4l
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• H→ττ channels have second 
highest cross-section*branching 
ratios after H→bb channels
• Leptonic tau decays allow 
suppression of QCD 
backgrounds, currently consider 
final states with at least one 
leptonic tau decay
• VBF channel has better S/B due 
to distinctive jet kinematics
– Jets have wider distribution in 
pseudorapidity (η) as they are 
not colour-connected
– Plot shows η of highest pT jet
• Require two forward "tag" jets; 
well-separated in η, high pT and 
large mjj
– Here, forward refers to being 
outside of the τs in η
• No jet activity in central region 
("jet veto")
VBF, H → ττ
29/07/2009
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• Good reconstruction and 
identification crucial for 
hadronically-decaying taus
• In early data, optimised on 
direct Z→ττ events:
– Select Z→ττ→lνντhν events 
by triggering on leptons
– Visible mass distribution 
allows to calibrate hadronic 
tau energy scale (and then 
missing ET scale)
– Opposite-sign tau pairs used 
here, same-sign can be used 
to measure the mistag rate
VBF, H → ττ
•Dashed line above is QCD, W->lh and Z->ll backgrounds
•Dashed lines below show ±1σ (red) and ±3σ (black) wrt 
reconstructed mττ peak. Errors are statistical only.
100pb-1
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• Trigger on e/µ for modes with a leptonic tau
– tau+MET trigger fully hadronic
• VBF and MET cuts
• Low MT(l-MET) to suppress W+j background
• Jet veto
– Need to fully understand sensitivity to pileup
• Neutrinos in tau decays assumed collinear with 
visible products, allows mH reconstruction
VBF, H → ττ
29/07/2009
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• Data-driven analysis
• Measure background by selecting clean 
sample of Z→µµ events
– Muons replaced with taus, which are 
then decayed
– Analysis cut applied to sample
– Normalise to measured ττ invariant mass 
distribution
• Simultaneous fits then made to data 
and background samples
VBF, H → ττ
Event counts for mH = 
120 GeV and 30 fb-1




Example fits to a data sample with signal-
plus-background model (above) and 
background model (below) for the lh channel
29/07/2009
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• Signal significances at different 
mττ values, based on fits
– Background uncertainties come 
from profile likelihood ratio
– Results do not include the impact 
of pileup
• Expected 95% exclusion of the 
signal rate in units of the Standard 
Model expectation, µ, as a function 
of the Higgs boson mass for the ll 
and lh-channels with 10 fb−1 of data.
VBF, H → ττ
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• Look for 2 isolated leptons 
and transverse missing 
energy
– Opposite sign leptons
– 0 jets for gluon-fusion 
events, 2 forward jets for 
VBF production
• Most powerful in mass range 
2MW < MH < 2MZ, where other 
modes are suppressed
• Neutrinos make mass 
reconstruction a challenge
– Transverse mass instead
• WW, Wt, ttbar and Z→ll
provide high backgrounds
– Need to be thoroughly 
understood and measured in 
data
• Good lepton reconstruction 
and control of missing ET 
essential
– Leptons discussed already
– Missing ET linearity and 
resolution need to be well 
understood
– Fake sources of missing ET
also need to be understood
• Badly reconstructed or fake 
muons
• Energy reconstruction in 
calorimeter (cracks, jet 
energy scale, etc.)
H → WW(*) → 2l2ν
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• Extra fit applied in H+0j analysis
• Split data sample into two separate 
bins of dilepton opening angle
– Different shapes due to spin 
correlations in WW system from 
Higgs and WW background
• Control region; ∆φll > 1.575, 
background enriched
• Signal region; ∆φll < 1.575, signal 
enriched
• Signal and background contributions 
calculated by 2-dimensional fits to WW 
transverse mass and transverse 
momentum
H → WW(*) → 2l2ν
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• Neural network supplements 
preselection in H+2j analysis
– Better signal-background discrimination
• Variables used are
– ∆ηjj
– mjj
– pT of leading non-tag jet with |η|<3.2
– η gap between the tag-tag system and the 
third jet
• Expected significance in 10 fb-1 of 
data
• Results include both gluon fusion 
and VBF processes
• Work ongoing to assess realistic 
scenarios for data-driven 
extractions in early running
– ee and µµ also considered
H → WW(*) → 2l2ν
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• ttH(H→bb) the main player so far
– mH~115-130 GeV
– Discovery contribution
– Measure t and b Yukawa couplings 
• ttH, H→WW and WH, H→WW
– Relevant around mH~160-170 GeV
– Measure t and W Yukawa couplings
– Low σ*Br and high complexity do not allow 
for discovery contribution
• WH(H→bb) now looks extremely 
promising
– See Phys. Rev. Lett. 100, 242001 (2008) 
J.Butterworth, A. Davison, G. Salam, M. 
Rubin
– Study probes jet substructure in highly 
boosted events
• For ttH(H->bb) analysis, consider channel 
with one leptonic and one hadronic top 
decay
– Lepton for triggering while keeping 
branching ratio high: 28%
• Backgrounds
– tt + jets (reducible)
– ttbb (irreducible)
– W+jets, tW and QCD multijet production 
negligible after 4 b-jet requirement
• Suffers from large uncertainties coming 
in particular from the jet energy scale 
uncertainty and b-tagging
• Large theoretical uncertainties and 
difficulty to produce sufficient statistics 
for tt+X background make direct 
measurement from data a priority
Associated Production Channels 
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SM Statistical Combination 
•In 2 fb−1, 
expected 95% 
CL upper limit on 
mH is 115 GeV
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• Higgs sector in MSSM has two Higgs 
doublets
– 5 physical Higgs bosons: 
– h0, H0, A0, H±
• At the tree-level, the Higgs sector is 
determined by only two parameters
– mA and tan β=vu/vd
• Several benchmark scenarios, mhmax-
scenario considered for these studies
– the lightest neutral Higgs is 
constrained by mh <133 GeV.
• Dominant neutral Higgs channels
– Direct production: gg→h/H/A
– Associated production with a pair of b-
quarks: gg→bb(h/H/A)
– Decays to a pair of muons or taus
• Dominant charged Higgs channels
– Light H± channels (mH < mt) feature 
ttbar with a t→H±b decay, then 
H+→τ+ν
• H+→cs under study
– Heavy H± channels production via 
gb→tH± and gg→tbH±, with decays 
H±→τν or H±→tb
• Fully-hadronic and semi-leptonic 
decay modes published so far
• Work ongoing into fully-leptonic 
modes
MSSM Search Channels 
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• h/H/A→ττ channel provides very good 
coverage of the (mA, tan β)-plane.
– Results published only from fully leptonic 
channel so far, semi-leptonic (lh) results 
available soon
• h/H/A→µµ is a competitive channel.
– Can extend discovery reach in combination 
with ττ
– Muons allow for more precise mass 
measurement
• Charged Higgs channels combined
– Extend range of Tevatron results 
after just 1 fb-1
– Large area of (mA, tan β)-space 
covered after 30 fb-1, particularly at 
low mH
MSSM Search Channels 
h/H/A→µµ
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• Searching for the Higgs boson is an important step towards 
characterising electroweak symmetry breaking and explaining 
why fundamental particles have mass
• ATLAS has investigated a broad range of Higgs search 
channels at 14 TeV
– More under investigation (WH(H→bb), H→WW(*)→2l2ν with 
ee or µµ, fully leptonic charged MSSM Higgs, ...)
• Combined discovery reach and exclusion limits have been 
evaluated for the SM Higgs search channels
– 5σ discovery looks possible in 10 fb-1 for mH above ~125 GeV
– Expected 95% CL upper limit on mH in 2 fb-1 is 115 GeV, 
comparable with LEP direct exclusion limit of 114.4 GeV
• Calibrating the detector and tuning physics distributions in 
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• I would like to particularly thank the following 
people for contributing to this talk: Aleandro Nisati, 
Bill Murray, Ketevi Assamagan, Sandra Horvat, 
Bruce Mellado, Glen Cowan, Catrin Bernius, 
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• To get a narrow peak on a 
smooth background, need very 
good mass reconstruction
– Two-body decay to photons: 
mgg=√2P1P2(1-cos θ)
– Will need good energy and 
position measurement
• Calorimeter designed for overall 
energy resolution of 
σ(E)/E = 10%/√E ± 0.7%
• Photon conversions troublesome
– Affects photon ID and energy 
resolution
– ~60% of photons in H→γγ
convert in the material in front 
of the calorimeter
– Very important to recover a 
high fraction of these 
conversions
– Conversion reconstruction 
efficiency shown for photons 
with pT = 20 GeV
H → γγ
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• For each analysis, calculate a likelihood:
• Profile likelihood ratio then given by
SM Statistical Combination 
•p-value determined as shown
•Discovery: Assume no signal (µ=0) and 
evaluate q0 from data; if p-value < 2.87×10-7
claim for a discovery at 5σ significance!
•Exclusion: Assume signal (µ=1) and evaluate 
q1 from data; if p-value < 0.05 exclude signal 
at 95% confidence level.
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• ttH(H->bb) the main player so far
– mH~115-130 GeV
– Discovery contribution
– Measure t and b Yukawa couplings 
• ttH, H→WW and WH, H→WW
– Relevant around mH~160-170 GeV
– Measure t and W Yukawa couplings
– Low σ*Br and high complexity do not 
allow for discovery contribution
• WH(H->bb) now looks extremely 
promising
– See Phys. Rev. Lett. 100, 242001 
(2008) J.Butterworth, A. Davison, G. 
Salam, M. Rubin
– Study probes jet substructure in 
highly boosted events
• For ttH(H->bb) analysis, consider 
channel with one leptonic and one 
hadronic top decay
– Lepton for triggering while keeping 
branching ratio high: 28%
• Experimental signature
– One isolated lepton
– At least 6 jets
– At least 4 b-jets
– Missing energy from neutrino
• Backgrounds
– tt + jets (reducible)
– ttbb (irreducible)
– W+jets, tW and QCD multijet 
production negligible after 4 b-jet 
requirement
Associated Production Channels 
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• Cut-based analysis
– Simple identification of ttbar system 
using mass windows and χ2 minimisation
• Pairing likelihood and constrained mass 
fit
– More sophisticated treatments 
constructing likelihood from key event 
parameters, eg.. mjj, mjjb, mlνb, ∆R(qq,b), 
∆R(l,b), angle(j,j)
• Obtain broad Higgs invariant mass peak
• Suffers from large uncertainties 
coming in particular from the jet 
energy scale uncertainty and b-tagging
• Large theoretical uncertainties and 
difficulty to produce sufficient 
statistics for tt+X background make 
direct measurement from data a 
priority
Associated Production Channels 
